The aim of this study was to evaluate the postoperative effect of one bleaching agent containing 40% peroxide hydrogen on the interface between dental tissues and a microhybrid composite resin bonded with a universal adhesive applied in total-etch and self-etch technique. Standardized Class V restorations were performed in oral surfaces of 40 extracted human molars with the gingival margins placed bellow the cement-enamel junction. For 20 restorations the adhesive was applied with preliminary etching and for the others the adhesive was applied by using the self-etch technique. Half of the samples of each group were bleached using Opalescence Boost in one session 20 minutes-application. The sealing quality of both enamel and cervical margins of the restorations was evaluated using a microleakage test by immersion in 1% methylene blue for 24 hours. The microleakage scores were assessed using an optical microscope and the data were statistically analyzed. No statistical significant differences were recorded between the bleached and control groups and between the study groups according to the etching strategy used for bonding.
The increasing aesthetic demands of patients have led to the development of dental bleaching techniques. In order to achieve the best results in short time bleaching products with very high levels of active substance have been introduced on the market. However both clinical experience and experimental studies have shown that beyond the improvement of aesthetics, there are also side effects related primarily to post-operative sensitivity and pulp inflammation [1, 2] . One of the most important ways of preventing these complications is to treat all the caries and non-cariogenic defects with restorations prior to the bleaching procedures. Although old restorations and temporary fillings would be replaced afterwards because of their inappropriate shade, the quality of their sealing would be very important during bleaching and immediately after. It is also assumed that some of the posterior restorations would be preserved in spite of the differences of shade comparing to bleached adjacent enamel. Therefore, it is important to evaluate the effect of whitening on the adhesive junction between dental tissues and composite restorations.
The adverse effects of preliminary enamel bleaching on the adhesive junction have been well documented [3] [4] [5] [6] , however little information about the impact of postrestaurative whitening is available and the published data have been controversial by now [7] .
The aim of this study was to assess the effect of a bleaching agent containing 40% hydrogen peroxide on the adhesive interface between the composite resin and dental tissues when a universal adhesive was used in either selfetch or total etch technique.
Experimental part
A total of 40 recently extracted intact molars were selected for this study. The teeth were cleaned by hand scaling and pumice, then stored in distilled water at 4 o C. V class cavities were prepared in the buccal surfaces using a cylindrical diamond bur with water spray and high speed. The dimensions of the cavities were 2 mm depth, 3 mm width and 2 mm high. All the margins of the cavities were * email: drangycris@yahoo.com prepared butt-joint in enamel. The gingival margins were prepared 1 mm beneath the enamel-cement junction. The cavities were cleaned with water and lightly air-dried using cotton pellets. The teeth were randomly distributed in 4 groups and restored with a light-cured microhybrid composite -Gradia Direct (shade A3) and a universal adhesive-G-Premio Bond (GC Corporation, Tokyo, Japan) as follows. In 2 groups the bonding system was applied using a total etch technique (A, B); while in the other 2 groups the adhesive was applied using self-etch technique (C, D). For the first technique the margins and the walls of the cavities were etched using a gel containing 35% phosphoric acid for 15 s prior to the application of the adhesive. Then the cavities were rinsed and gentle dried. The adhesive was applied on cavity walls for 10 seconds then dried thoroughly for 5 s and light cured for 10 s using a high power LED curing unit. The composite material was applied using the bulk technique and cured for 40 s. For shaping the restoration, Mylar matrix were applied during polymerization. Each restoration was finished for approximately 10 s using a diamond extra-fine tapered bur (Mani Inc., Japan) and then ultra-fine straight-cut 30-blades carbide bur (NTI Kahla GmbH, Germany) in order to simulate clinical procedures and remove any excess material at the restoration margins. The specimens were preserved in distilled water at 4 o C for 30 days. Groups A and C were used as control groups while the specimens in group B and D were subjected to bleaching procedures (table 1). The bleaching agent Opalescence Boost 40% (Ultradent Products Inc.) was activated by pressing plunger 25 times each direction. The gel was applied for 20 min on the buccal surfaces of the teeth including restorations surfaces and at least 2mm around the margins. The bleaching gel was thoroughly removed; the teeth were cleaned with water spray and stored in distilled water for another 24 hours.
Our study was done in accordance with the Ethical Committee regulations and in accordance to some published models [8] [9] [10] [11] [12] .
The apices of all teeth were sealed with a self-adhering flowable composite resin (Vertise Flow-Kerr) and then the external surfaces of each sample were covered with two layers of nail varnish except for the restoration and a distance of about 1mm around the tooth-restoration interface. The teeth were immersed in 1% methylene blue for 24 h and then washed under running water for 5 min.
The teeth were axially sectioned in a buccal-lingual direction through the middles of the restorations. The images of the microleakages at the enamel margins and cervical margins were registered and scored using an optical Carl-Zeiss AXIO Imager A1m microscope, coupled with a high resolution digital camera, using Dark Field and Bright Field filters.
Dye penetration was evaluated according to a 4 point scale: 0 -no dye penetration; 1 -dye penetration from the cavosurface margin to less than half the length of the prepared wall; 2 -dye penetration from the cavosurface margin to more than half the length of the prepared wall, but not involving the axial wall; 3 -dye penetration from the cavosurface margin along the whole length of the prepared wall and also involving the axial wall. The scores were registered for each group and statistical analysis was performed using the non-parametric Mann-Whitney test.
Results and discussions
The microleakage scores at enamel and cervical margins for all the groups are listed in table 2 and the mean values of the leakage scores and standard deviations are listed in table 3.
According to table 3, the mean values of leakage scores for enamel were: A (0.6) = B (0.6) < C (0.7) < D (0.9), while for dentin the increasing order was A (0.7) = B (0.7) = C (0.7) < D (1.1). For each group, the mean values of leakages scores tended to be higher for the cervical margins comparing to the enamel margins, except of control group C, where there was the same mean score for both of the margins.
In both enamel and cervical margins within each group there were samples showing a satisfactory marginal sealing, with no sign of marginal leakage and samples fig. 1) . Score 3 showing a deep penetration involving the axial wall was found only in cervical margins, after bleaching procedures, while score 2 was found in enamel margins after bleaching procedure and in cervical margins with or without bleaching, with the exception of the control group C.
Considering the low number of the specimens, we used the non-parametric Mann-Whitney test to determine if the differences were statistically significant.
When comparing the leakages scores at the enamel margins in the groups restored with preliminary acid etching, the values of the control group A tended to be slightly higher, however it was the group B which recorded one score 2. Both groups registered the same mean score (0.6) and the differences were not statistically significant according to Mann-Whitney test (p = 0.865 > 0.05). As regarding the comparison between the groups where selfetch technique was used, the values of leakages after bleaching (group D) tended to be higher than those of the control group C although the differences were not statistically significant (p = 0.543 > 0.05) (table 4) .
The values of cervical leakages when preliminary acid etching was used tended to be equal for the control group and bleached group, while for the self-etch groups the values of bleached group D tended to be higher than the values of control group C, still the difference was not statistically significant (p = 0.356 > 0.05) (table 5).
The leakage scores after bleaching at both enamel and cervical margins were compared according to the etching strategy and the results of statistical analyze are shown in table 6 . At enamel margins the microleakages of Group D tended to have higher values than the Group B, however the difference was not statistically significant according to Mann-Whitney test (p= 0.344 > 0.05). The same tendency was observed for the cervical margins, the difference being also not statistically significant (p = 0.356 > 0.05).
Both composite resins and adhesive systems are susceptible to mechanical and chemical degradation in the oral environment [13, 14] . Dental bleaching has become a routine procedure performed in dental office although highly-concentrated products could cause alterations of the surfaces of both enamel [15, 16] and composite resin [17, 18] . The active ingredients of commonly used bleaching agents include either hydrogen peroxide or carbamide peroxide in concentrations up to 40% hydrogen peroxide equivalent. The mechanisms of bleaching is based on releasing free radicals which attack the double bonds of chromophore molecules resulting in smaller, less heavily pigmented constituents [7, 19] . The oxygen radicals released from peroxide have a high nonspecific reactivity and therefore some effects are likely to occur on the adhesive joints between the dental tissues and the composite resin restorations.
In order to evaluate the safety of strong bleaching agents in terms of effects on the sealing ability of composite restorations, we chose to evaluate Opalescence Boost which contains the highest concentration of hydrogen peroxide accepted for in-office bleaching procedures (40% hydrogen peroxide). The whitening agent is activated by chemical reaction, and the material should be applied for 20 minutes, with the possibility of reapplication during the same session or during a further appointment.
The evaluation of the effects of bleaching on marginal sealing of composite restorations has produced contradictory results. Several studies reported that postoperative bleaching with 10-16% carbamide peroxide adversely affect the marginal sealing in both enamel and dentin margins [20] [21] [22] .
On the contrar y our results showed that the microleakage scores were not significantly different after bleaching. These data are in accordance with the conclusions of several studies which evaluated the leakage of restorations when various bleaching systems had been used and found no differences when comparing with nonbleached samples. Bleaching with 20% carbamide peroxide for eight hours and 6% hydrogen peroxide for 30 min twice a day for 14 days did not affect the occlusal margins of the restorations [23] . Another study which evaluated in-office bleaching with 35% hydrogen peroxide found no differences of leakage scores and similar Knoop hardness values of the bleached enamel located near the adhesive interface, concluding that bleaching did not damage the tooth-restoration interface of composite restorations [24] . Other studies on bleaching systems containing similar concentrations of hydrogen peroxide (30-38%) produced congruent results. No significant increases of marginal leakage in both enamel and dentin after light activated or chemically activated bleaching products have been found [25, 26] .
It was suggested that the effect of whitening on marginal leakage may vary depending on the bleaching method; however no difference was found for the chemically activated in-office bleaching products [27] . Assuming that most of the effects would be related to oxidation and corrosion phenomena, the limited exposure time used for in-office bleaching procedures might decrease the risk of detrimental effects on the interface between dental tissues and composite resin.
When comparing the etch-and-rinse and self-etch adhesive systems no significant differences were recorded [27] , which also supports our findings. However our results showed an increasing tendency of the microleakage scores after bleaching for the group where self-etch technique had been used. Another study reported a small but significant increase of microleakage at the enamel margins of restorations applied with a self-etch adhesive and no significant differences for two other bonding systems after bleaching [28] . Dudek et al. also found that the durability of the adhesive joint was detrimentally influenced by carbamine peroxide bleaching, the simplified single-step self-etch adhesives being more sensitive to the bleaching. In our study the highest mean value of microleakage scores was recorded in the cervical margins after the bleaching of the restorations bonded without preliminary etching [29] . This is surprisingly if we consider the better quality of the interface observed in previous studies that evaluated the universal bonding systems applied in self-etch technique comparing to total etch technique [30] [31] [32] . The difference between the control group and the study group was not statistical significant, however it could be clinical relevant since whitening agents are considered to be able to penetrate into the tooth structure through the unsealed dentin margin at the toothrestoration interface [3] . Moreover the cervical area might be subjected to morphological alterations during scaling and root planning procedures which might lead to extensive areas of dentinal tubules denudations and scratches [33] . Therefore the deterioration of sealing during bleaching procedures involving these areas would probably produce complications like tooth hypersensitivity and microleakage. More research is needed to evaluate the impact of bleaching procedures on restored teeth when cervical area and root surfaces are involved. Whether bleaching is more detrimental to self-etch adhesives comparing to total etch systems should remain a research topic. In our study we tested a bleaching agent which is claimed to have buffers that help maintain a neutral pH. This could be one of the reasons why we did not find higher leakage scores at the cervical margins for the total-etch technique despite the absence of the acid-base resistance zone.
Surprisingly one study reported that after application of 30% hydrogen peroxide, microleakage of nanofilled composite applied with a self-etch adhesive was reduced at the gingival margin compared to the control group while no significant difference was observed at the occlusal margin. However the authors found no significant differences for another methacrylate composite applied with the same adhesive in both occlusal and gingival margins [34] .
It seems that the influence of whitening on marginal sealing of composite restorations would depend not only on the qualities of bleaching agent and bonding system but also on the composite resin as well. Also the quality of the initially bonding could be more important than the chemical degradation induced by the bleaching gel.
This assumption is also supported by numerous studies that evaluated the effect of dental bleaching on the adhesive joint in terms of bond strength and the fracture toughness [4, 29, [35] [36] [37] [38] .
According to our study the tested bleaching system was safe to be used on restored teeth since it didn't show any significant influence on the sealing ability of the composite restorations performed with the tested materials. However this effect should be evaluated at least in terms of application time, repeated bleaching procedures and influence on aged restorations. Extensive research including other composite resins, bonding systems and bleaching agents would be necessary in order to clarify the impact of dental whitening on the sealing ability of composite restorations.
Conclusions
The leakage scores of the composite restorations after bleaching with a whitening system containing 40% hydrogen peroxide were not significantly different comparing to the unbleached samples at both enamel and cervical margins.
The etching strategy used for bonding did not significantly influence the ability of the tested universal adhesive to seal the restorations margins after bleaching.
